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Abstract 
A building for users with functional disorders has been built with the aim of being a low-energy residence, based on the criteria 
and technology applicable to passive houses. This new application of the passive house concept in a Nordic climate has shown that 
challenges must be met when producing buildings with a low energy demand while also fulfilling the requirements for a good 
indoor climate. The residents in this building have higher comfort demands than normal, which in turn may have an influence on 
the energy use. An evaluation of both the energy performance and indoor comfort was carried out over a period of nearly two years 
after commissioning the HVAC systems. The results show that the building’s energy performance meets the requirements set by 
the local municipality, which were 30% stricter than the Swedish building regulations, and the indoor climate was deemed 
acceptable. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Improved energy efficiency and a decrease in the total energy use in the building sector has been on the agenda 
during recent decades in most of the European countries. The ambitious vision for the energy performance of European 
buildings requires all new buildings to be “nearly zero-energy” buildings by 2018 in the case of public buildings and 
by 2020 for all other buildings (EPBD, 2010). This is also in line with the recommendations in a national strategy to 
promote low energy buildings that was put forward by the Swedish government in 2008 (Government, 2009). Besides 
the energy aspects, this strategy also entails consideration of the technical operational aspects. In order to meet these 
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new demands, the market, in the near future, will have to produce a broad selection of players offering products and 
services for low energy buildings as well as a broad selection of clients willing to build such buildings. 
In an interview study with representatives of the construction and property owners sectors, it was emphasized that 
before low energy buildings are built on a large scale, it is important to assure that the investments are going to be 
made in the right techniques (Wahlström, 2009). The sectors need to gain adequate knowledge so that they can feel 
assured that new energy-efficiency concepts will be viable with regard to both energy efficiency and good indoor 
environments. Several projects have been carried out in Sweden that have proven that it is possible to build low-energy 
buildings. As early as in 2001, twenty terraced houses were built in Lindås. Thereafter the market for low energy 
houses was slow and the next examples were not built until 2004 (36 terraced houses in Glumslöv). The building of 
low-energy housing gained momentum in 2009 and at present there are 250 residential buildings and 110 non-
residential buildings (schools, nursery schools, offices, care centres) that are more than 25% more energy-efficient 
than stipulated in the building regulations (Filipsson et. al., 2013).  
However, there have not been many follow-ups with evaluations showing whether the new energy-efficiency 
concepts have been viable regarding both energy efficiency and maintaining a good indoor climate. These 
investigations were carried out in residential buildings but new categories of low-energy buildings also need a follow-
up.  
In Helsingborg, the municipally owned property company Kärnfastigheter has built ‘Prisman’, a so-called LSS 
residence. Kärnfastigheter has high ambitions when it comes to contributing to the municipality's energy and 
environmental activities, and the building was constructed as a passive house. An LSS residence is one which provides 
support and services for physically and mentally disabled users and this places especially high demands on the indoor 
environment. Disabled people have fewer opportunities to influence the indoor environment, although they may, in 
fact, be more sensitive to cold and heat. This not only placed high demands on Kärnfastigheter as property owners, 
but also on the contractors and designers. Previous experience from passive houses has shown that the behaviour of 
the users can have a deep impact on the energy performance of a building. For example, how the users in the Lindås 
buildings learned to handle the new heating system was studied by Isaksson (2009). A conclusion in his thesis was 
that the occupants, who, in the beginning, had to learn new routines to handle the heating system, in time became 
familiar with them and they became second nature. 
The aim of this study is to show that it is fully possible to build low-energy buildings even for LSS residence 
purposes, and for other buildings subject to strict requirements regarding indoor environments, with respect to both 
energy use and indoor environments. The evaluations are expected to provide experience feedback and increased 
knowledge about building energy-efficient buildings for users with high demands. 
 
2. Description of the Prisman building 
The building consists of a block of terraced houses with 12 apartments, spread over two floors with six apartments 
on each. The gross floor area (GFA) is 1186 m2, the usable floor area (UFA) is 1008 m2 and Atemp (heated area) is 
1084 m2. Besides the apartments, there are also communal areas and rooms for storage, offices, spa/relaxation, 
meetings, a laundry and building services. The building comprises a heavy frame, 590 mm prefabricated elements 
consisting of lightweight clinker concrete, twin layers of expanded polystyrene and ordinary concrete. The heavy 
frame was chosen from past experience, which showed that it would be more robust and durable, and offer better 
soundproofing. Table 1 shows the heat transfer coefficients (U-values); the air tightness is assumed to be 0.3 l/(m2s) 
referring to envelope area at ± 50 Pa and thermal bridges have a heat loss of 37 W/K. 
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Table 1. Design values for the building  
Part of building U-values / (W / (m2· K)) 
Walls 0.11 (350 mm insulation) 
Ceilings 0.08 (500 mm insulation) 
Floors 0.125 (300 mm insulation) 
Windows 0.90 whole building 
Uaverage 0.19 (350 mm insulation) 
 
The heating system provides the building with heat both via a water-borne system and post-heating in the 
ventilation plant. A solar heating system has been installed and is dimensioned to cover part of the heating requirement 
and part of the hot water needs. The heat energy is designed to be provided primarily by the solar plant and to be 
supplemented if required by district heating via a heat exchanger. The solar heating system has evacuated tube 
collectors and an area of 27 m2 (24 m2 aperture area). The heat from this plant is stored in two storage tanks (2 x 1,000 
litres). The facility is a so-called combi-system, which means that it serves both the tap water system and the heating 
system. The return water in the radiator system and the cold water supply to the hot water system are preheated via 
these tanks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The building has twelve apartments and there is a solar heating system with evacuated tube collectors facing south on the roof. 
The apartments and communal areas are ventilated by a central extract and supply air system with a rotary heat 
exchanger and hot water post heating coils, which ensure that the temperature of the supply air is never lower than 
desired. A variable air flow is supplied to the communal areas while the apartments are provided with a constant air 
flow. Each apartment has a carbon filter extractor fan built into the cooker hood. No cooling system has been installed. 
Instead, there are exterior blinds to keep the heat out. The blinds are vertical and therefore insensitive to wind. They 
always let in a little light so that it does not become too dark indoors. 
3. Methods 
To evaluate the energy use in the building, readings were taken of electricity use, district heating supplies and the 
energy supplied by the solar plant. Furthermore, the electricity use was divided into common parts use and occupants’ 
activities/household use. Domestic hot water was measured for the building as a whole as well as for two specific 
apartments. The occupants moved into the building in March 2012 and the evaluation of energy use is therefore based 
on measurements made during 2013 when the building was in full use and the heating and ventilation systems had 
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been fully adjusted. However, one of the bathrooms was renovated during the period September to November 2013, 
which could have affected the measurements. When carrying out the evaluation, the SVEBY guidelines (for 
standardisation and verification of the energy performance of buildings) were used (Levin, 2012; Wahlström, 2012). 
SVEBY is an industry-wide programme that has, among other things, drawn up guidelines regarding the correction 
of energy use measurements. To evaluate the indoor environment, a survey of the indoor environment was conducted 
among the staff. Furthermore, measurements of the temperature and humidity in different parts of the building, during 
two measurement periods, were carried out. Measurement period no.1 was from 28 November 2012 to 31 December 
2013, and measurement period no. 2 from 1 July 2013 to 1 November 2013. Measurement points were placed in two 
apartments on the ground floor and two apartments on the 1st floor, as well as in a spa/relaxation room. The evaluation 
was supplemented by interviews with maintenance staff and the LSS residence staff. The building was leakage tested 
prior to occupancy.  
Requirements in the Swedish building regulations at this time stipulated that the annual specific energy use must 
not exceed 110 kWh/m2 in residential buildings and 108 kWh/m2 in non-residential building at an average outdoor 
airflow during the heating season of 0.47 l/(s·m²). The building is designed to provide an indoor temperature of 22 °C 
in all areas. 
4. Results 
Air tightness measurements were carried out in the building before it was occupied. The results show that the air 
tightness is acceptable, having a value of 0.08 l/(m2s) at ± 50 Pa. 
4.1. Energy use 
Comparisons between design and measured energy use for heating, hot water and electricity in the common parts 
of the building (so-called ‘purchased energy’, as defined in the building regulations) are shown in Table 2. The 
measured energy use is significantly higher than the design level, which can largely be explained by a significantly 
higher water use. Additionally, in one of the apartments, the occupant had used an abnormal amount of hot tap water. 
The building's energy use has therefore been calculated after correcting for the measured water use in the apartment, 
i.e. regarding it as being the same as the average used in the other apartments. The measured energy use is still quite 
high, which can be explained by the other occupants using more water than usual. According to SVEBY (Levin, 
2012), the normal energy use for hot water in a similar apartment building is about 11 kWh/m2. When comparing to 
a standard apartment block it must be noted that in the Prisman building hot water is also used in its communal kitchen 
and laundry room. If this use is regarded as part of the occupants’ activities/household energy use, then, according to 
SVEBY, the measured energy use can be corrected with regard to normal hot water use. These two corrections are 
shown in Table 2. 
Table 2.  Design and measured energy use and corrected values for excessive use of hot water. 
Energy/ 
(kWh/(m2Atemp· year) 
Design  Measured in 
2013 
Measured and 
corrected for hot water 
use in apartment 1006 
Measured and corrected for 
hot water use according to 
SVEBY 
Heating, rooms 25 44 44  44 
Hot water 13 27 17 11 
Common parts electricity 16 13 13 13 
Heat production from solar plant 13 17 17 17 
Energy for heating, hot tap water and common 
parts electricity (so-called ‘purchased energy’) 
41 67 58 51 
 
The design energy use for ‘purchased energy’, as defined in the building regulations, has been calculated and 
compared with some target values, as shown in Table 3. Comparisons have been made with the requirements for a 
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passive house (FEBY, 2009), and Kärnfastigheter’s own internal requirement stating that the use of energy in new 
buildings must be 30%  lower than the requirements in the building regulations. Measured and corrected energy uses 
show that passive house requirements are almost achieved and that the client’s own requirement is achieved by a wide 
margin. However, an analysis of the figures shows that the measured energy use for heating is significantly higher 
than the design levels. 
 
              Table 3. Comparison of purchased energy for heating, domestic hot water and common parts electricity. 
 
 Energy use /   
(kWh/(m2 Atemp · year)) 
Measured value 67 
Measured value, corrected according to SVEBY 51 
Calculated value 41 
Requirements, passive house (FEBY, 2009) 50 
Client's requirements 76 
Requirements according to building regulations 109 
 
4.2. Indoor environment 
The measured indoor temperature shows that the average temperatures on the ground floor and 1st floor are 22.2 
°C and 21.4 °C respectively during the first measurement period. During this period, the temperature is on average 
0.8 °C lower on the 1st floor. During the second measurement period the average levels of the indoor temperatures are 
the same on both floors (22.5 °C). 
 
 
 
Fig. 2. The temperature variations in different rooms during a hot day (6 August). 
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Fig. 3. The temperature variations in different rooms during a cold day (20 November). 
 
Figures 2 and 3 show how the temperature varies during a hot and a cold day. During a hot summer day, the 
temperature is high in all apartments and the rooms in the southern part of the building are almost one degree warmer 
than those located in the northern part of the building. During a cold day, the differences are smaller and for one of 
the apartments the temperatures are almost constant, indicating that the occupant was not at home on that day. Detailed 
diagrams of the indoor temperatures can be found in Christensson and Nilsson (2014).  
According to the Swedish National Board of Health and Welfare, the indoor temperature for sensitive groups should 
lie between 22 and 24 °C (SOSFS 2005: 15). In the Prisman building, the design temperature is 22 °C. To determine 
when the design temperature was not reached, two intervals were studied, one for temperatures between 21 and 23 °C 
and one between 19 and 25 °C. The results show that during the first measurement period there were few occasions 
when the temperature was not within the 21 to 23 °C range in the apartments. During the second measurement period, 
about 15% of the measurements were below 21 °C and about 35% of them above 23 °C. Few measurements, however, 
were outside the range of 19 to 25 °C. The indoor temperature was as designed during the first measurement period, 
but the temperature was occasionally higher than 22 °C during the summer months. At the end of the measurement 
period, temperatures down towards 20 °C were measured, which may indicate that new adjustments to the heating 
system might be needed.  
Figure 4 shows the average values of relative humidity (RH) in the different apartments. The relative humidity is 
much higher during the second period, which may be normal as the second period was measured during warmer 
months. Normal values for relative humidity indoors are 10 to 30% in winter and 45 to 65% in summer (Nevander 
and Elmarsson, 2011), which agree well with the measurements in the Prisman building. 
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Fig. 4. Average moisture supply for different rooms during both measurement periods and relative humidity (RH). 
 
In addition to knowing the mean indoor humidity it is also interesting to know the moisture supply, which means 
the vapour content indoors minus outdoors (Ms). For this reason, charts showing internally generated moisture 
variations during different times of the year have been plotted for each apartment (see Figure 4). Briefly, one can see 
that during the cooler months (December to May), the internally generated moisture is at its highest levels. The average 
level, for the entire building, is 1.8 g/m3 in winter and 0.4 g/m3 in summer. The average level for the whole period is 
1.1 g/m3. Measurements carried out in a large number of apartments show that the average internally generated 
moisture content is 2.9 g/m3 in winter (Nevander and Elmarsson, 2011) which is higher than the level in the Prisman 
building. In apartment 1006 and the spa (room 205) some readings tend towards 8 to 9 g/m3. In this apartment the 
shower was used 15 to 25 times a day resulting in condensation in the bathroom and subsequent moisture damage, 
which meant that the bathroom was in need of renovation after only one year of use.  
A survey regarding the indoor environment, targeted at the LSS residence staff, was carried out in April 2014. The 
questionnaire consisted of 16 questions and was answered by 10 of the 26 employees (further interviews, see below, 
were carried out to augment this unfortunately low response level). The results showed that 30% of the staff were 
dissatisfied with the thermal comfort during the summer months while 70% thought that it was good or acceptable. In 
the winter months 50% were dissatisfied with the thermal comfort while 50% thought that it was good or acceptable. 
Air quality, humidity and the noise environment were considered acceptable, while 40% of the staff were not happy 
with the daylight conditions.  
Supplementary interviews showed that the staff considered the windows small, which created a feeling of being 
trapped, as light didn’t reach everywhere in the rooms. The automatic blinds came down as soon as the sun shone and 
impaired the admission of daylight. To manually control the automatic blinds on the ground floor you have to go up 
to the first floor and press a special button, a complicated solution according to the staff. The interviewed members of 
staff said that the apartments became hot in summer, especially on the ground floor where balconies provide the only 
shade against the sun. On the first floor, where there are sun shades in the form of blinds, the apartments are cooler. 
This is why the staff thought that they mostly aired the ground floor rooms. The survey showed that over 80% of the 
staff aired rooms daily, and nearly 60% of the staff aired them for a few hours. 
Ms (g/m
3
) 
Ms mean value whole year 
Ms mean value summer 
time 
Ms mean value winter time 
RH mean value  
ground floor first floor 
RH (%) 
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5. Discussion and conclusion 
An air tightness test (blower door) showed that the building displays good air tightness. The solar heating plant has 
a heat output that is significantly higher than expected. The solar heating system working so well may have been a 
result of the hot water being used continuously, so that the storage tank was never actually filled. The efficiency of a 
solar system is potentially higher in a building with a large hot water usage. The electricity use in the common parts 
of the building is lower than the designed use. The use of hot water is far higher than the design levels and the levels 
according to SVEBY. The staff, however, are of the opinion that the behaviour of the occupants is difficult to influence 
when it comes to tap water use. Energy use for heating is higher than the design level and this may be due to several 
factors. The building has a concrete frame which may have required a drying-out process during the first few years. 
During the measurement year, a bathroom had to be rebuilt due to moisture damage and this may also have affected 
energy use. It also seems that the building is subject to extensive airing.  
The evaluation shows that the building meets the client's own requirements for energy use levels, which are 30% 
lower than the requirements in the building regulations. The Prisman building is capable, in principle, of meeting the 
passive house requirements according to FEBY (2009) if the domestic hot water usage is corrected using the SVEBY 
guidelines. This correction is a normal procedure in Sweden, thanks to an agreement between building industry and 
building owners’ associations.  
The evaluation does not indicate any major problems with the indoor environment in the building. Measurements 
show that the thermal comfort is good in winter but that there are a few occasions when high temperatures occur in 
summer. From interviews with staff, it is clear that they think that it is hot in the apartments in summer, especially on 
the ground floor where the only shade is created by balconies. On the 1st floor, where the rooms are shaded by blinds, 
conditions are better. For this reason, the staff thought that airing was mostly carried out on the ground floor. The 
relative humidity indoors was normal and the average moisture supply in winter was 1.8 g/m3, which is lower than 
normal in apartments. In one apartment, however, the humidity was far too high because of a high moisture load over 
a long period from a shower, which resulted in a total renovation of the bathroom.  
In addition to extensive airing taking place, the evaluation suggests that the daylight conditions and control of the 
solar shading could be improved. One recommendation, therefore, is to look at the regulation of the solar shading and 
adjustment of the heating system to improve daylight conditions and reduce the need for airing.  
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